The adsorption of 4-aminobenzenethiol (4-ABT) on Ag and Pt nanoparticles is studied by spectroelectrochemical means (cyclic voltammetry, Surface-Enhanced Raman Spectroscopy (SERS) and Surface-Enhanced Infrared Reflection Absorption Spectroscopy (SEIRAS). Similar SERS spectra are obtained when 4-ABT is adsorbed on platinum and silver nanostructured substrates. In addition, unless a low power density of the laser is used, these spectra show, both under open circuit conditions and when applying electrode potentials above -0.50 V, bands not observed in the normal Raman spectrum of 4-ABT. These bands disappear when the electrode potential is shifted to more negative values. Conversely, the SEIRA spectra of 4-ABT adsorbed on Ag do not show any significant change with the electrode potential, which indicates that there are not new species electrochemically formed in the range of potentials considered, which include some anodic and cathodic processes as shown in the corresponding cyclic voltammograms. In this regard, SERS measurements put in evidence the time dependence of the spectra obtained at potentials above -0.50 V just after switching on the laser suggesting the formation of new species, probably dimercaptoazobenzene (4-4'-DMAB), formed by a photochemical process of the adsorbed 4-ABT.
Introduction
Raman spectroscopy is a widely used technique. Although it is relatively insensitive to free molecules, especially in dilute solutions, adsorption of molecules on nanostructured metal surfaces can result in a very large increase in sensitivity. This Surface Enhanced Raman Scattering (SERS) was first observed in 1974 [1] . Noble metal nanostructures exhibit a surface-enhanced Raman scattering in which the scattering cross sections are dramatically enhanced for molecules adsorbed thereon [2] . This enhancement factor can be in the order of 10 4 -10 14 [3] in comparison to that present in the adsorption on a metallic smooth surface although the claim of extremely high enhancement factors of 10 14 in single-molecule SERS is critically discussed, in particular in the view of recent experimental and theoretical results that limits the electromagnetic enhancement to 10 11 [4] . It is generally accepted that two different mechanisms must be involved in SERS:
electromagnetic (EM) and chemical or charge transfer enhancement (CT). The electromagnetic theory is based on the excitation of localized surface plasmons while the chemical theory assumes the formation of charge-transfer complexes [2, 5, 6] .
Nano-irregularities allow surface plasmon resonance, resulting in a very strong local enhancement of the electric field of both incoming and scattered radiation that explains, moreover, that the enhancement extend to at least 10 nm away from the metallic surface. Only coinage metals such as Ag, Au and Cu cause a strong enhancement of the
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Raman scattering due to the favourable characteristics of their dielectric functions. Most other metals, including catalytic metals such as Pt or Pd are commonly considered as non-SERS actives because the efficient excitation of surface plasmon is unfavourable on such highly damping metal surfaces [7] [8] [9] [10] . However, by suitable methods (among them the oxidation-reduction cycling [11] and nanoparticle-on-electrode approach [12] )
an adequate surface morphology is made and a sufficient enhancement is produced to allow SERS spectra from these metals to be obtained. On the other hand, the exact origin of the chemical contribution to the enhancement of the Raman scattering remains an active area of research both from a theoretical and experimental points of view. The most studied mechanism for the chemical enhancement is the so-called charge-transfer mechanism that in turn implies three types, being the two most considered the formation of a surface complex either by direct binding to the metal or by indirect binding with the assistance of an electrolyte ion. A photon-driven charge transfer between analyte and metal has been also considered. While the chemical effect is weaker in magnitude than the electromagnetic enhancement, there is a possibility in some cases that the chargetransfer contribution may dominate the SERS spectrum. In the case of the Pt-group metals this chemical enhancement component should play a very important role, to compensate for their highly damping metal surfaces [7] [8] [9] [10] .
The formation of self-assembled monolayers (SAMs) has been extensively used for solid surfaces as a simple and versatile way to define the chemical composition and structure of a surface modification. Among them, SAMs based on aromatic thiols have been vastly studied [13, 14] . The formation of organic monolayers by self-assembly is directed by a specific interaction between a terminal functional group and the surface, in this case, the bond formed between the thiol sulphur and the metal. Research has been particularly interested in amino-terminated monolayers because they have been used for
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4 several applications such as the attachment of carbon nanotubes on metal surfaces [15, 16] and the binding of biomolecules, such as DNA [17, 18] . Aminobenzenethiols (ABT)
are frequently studied as SERS probe molecules [19, 20] and particularly 4-ABT is widely used as molecular junction [21, 22] and building block in SAMs [21, 23] [24, 25] or when applying high enough electrode potentials [26, 27] . However, SERS spectra from benzenethiol on these metals are substantially the same as the normal Raman spectrum. It was speculated [24, 25] that the alteration of the spectrum of 4-ABT could be due to the contribution of the CT mechanism in enhancement, as a consequence of the alteration of electronic states of benzenethiol by the introduction of an NH 2 group in the benzene ring. Alternatively, it was also shown, based on the spectral similarity of 4-ABT and dimercaptoazobenzene (4,4'-DMAB), that the non-a 1 -type bands correspond to N=N stretching vibrations of 4,4'-DMAB produced from 4-ABT via a photocatalytic coupling reaction [26, 27] . On the other hand, both CT and EM enhancements in SERS of 4-ABT adsorbed onto assemblies of Au(core)/Cu(shell) nanoparticles was separately analyzed [28] . The formation of the azo-derivative observed in the cases of Au and Ag surfaces was recently claimed to be not observed on a Cu surface [29] activated by oxidation-reduction cycling, pointing out that the nature of the metal could also play an important role in the azobenzene derivative formation.
A C C E P T E D M A N U S C R I P T An electromagnetic coupling of the localized surface plasmon of Ag nanoparticles with the surface plasmon polariton of the Pt substrate is claimed to explain the SERS spectra observed while from the excitation wavelength dependence a contribution of the chargetransfer enhancement that become more important at short-wavelength excitation is also
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proposed.
In this manuscript we study, for the first time, the adsorption of 4-ABT on Pt nanoparticles by spectroelectrochemical means (cyclic voltammetry, and SERS) and we compare it with that on Ag. The particular effect of power density of the laser employed in the SERS measurement is also evaluated. We study by Surface Enhanced Infrared Absorption Spectroscopy (SEIRAS), also for the first time, whether new species can be formed by varying the electrode potential without laser excitation when silver is used as
substrate. Finally, we perform time dependent SERS measurement in order to support the participation of a photochemical (or photothermal) process of the adsorbed 4-ABT affected by the energy density of the laser. The synthesis of Ag nanoparticles was performed adapting a classical method for the synthesis of gold nanoparticles [39] . In brief, a 20 mL water solution of the metallic precursor (2.5x10 -4 M AgNO 3 ) was reduced with ice-cold sodium borohydride (0.6 mL, 0.1 M) in the presence of sodium citrate (2.5x10 -4 M), which acts as stabilizer.
Experimental
Afterwards, a NaOH pellet (≈ 0.2 g) was added to make the nanoparticles precipitate.
After complete precipitation, the nanoparticles were collected and washed 3-4 times with ultrapure water. respectively. This process has been attributed to an electrochemical reductive desorption of the 4-ABT layer which has been adsorbed at higher potentials. This feature explains the hysteresis observed in this potential region. At lower potentials, the reduction current recorded is due to the hydrogen evolution on the electrode surface. Table 1 the main Raman frequencies of 4-ABT and their assignment, taken from [24] and [29] , are summarized. Assignment [24, 29] -0.9 V -0.5 V -0.9 V -0.9 V -0. [24] appears in the spectra A and B (monolayer adsorbed) whereas the weak band at 2550 cm -1 observed in spectrum C corresponding to the stretching of the S-H bond is missing. This fact indicates that the S-H bond is broken in the adsorption process and the 4-ABT is adsorbed onto the silver surface through the sulphur atom. On the other hand, as it has been previously reported [24, 26, 27] , when the electrode potential moves from -0.9 V to -0.5 V the recorded SERS spectrum is significantly different. As previously discussed in the introduction section, platinum is intrinsically a weak SERS substrate because, on this metal, the efficient excitation of surface plasmon is difficult [7] [8] [9] [10] . In order to circumvent this limitation, different strategies have been used to obtain SERS information always with the aim of preparing a surface with a certain roughness or an appropriate morphology. Examples of these methods are the electrochemically activation of the surface (oxidation-reduction cycling [11] ), the use nanoparticles deposited on a substrate, the so-called nanoparticles-on-electrode approach [12] , or the Kim approach [31] among others. Interestingly, our experimental results obtained for silver at -0.5 V ( Fig. 2A) by the nanoparticles-on-electrode approach [12] agree with the SERS spectra obtained by Kim [31] after attaching Ag nanoparticles to the amine groups of 4-ABT adsorbed on smooth Pt [31] . Figure 6 shows three spectra obtained at the same surface position and with a power density of about 10 7 mWcm -2 . First, a spectrum at -0.9 V was obtained (spectrum A in figure 6 ). Then, the laser was shut off and the electrode potential was changed to -0.3 V where, according with the SEIRA spectra of 4-ABT adsorbed onto a silver film (see later, figure 7 ), no new species should be formed only by pure electrochemical means in this range of potentials. After four minutes at this potential, the laser was once again opened and a spectrum was immediately recorded in a few seconds (spectrum B in figure 6 ). Interestingly, and in spite of the fact that the electrode potential was maintained at -0.3 V for four minutes (with the laser shut off), the differences between these two spectra (6A) and (6B) are hardly noticeable, but spectra (6B) and (6C) show clear differences. However, if we hold the potential with the laser on for one minute and then a new spectrum is recorded at the same position (spectrum C in figure 6 ), the presence of non-a 1 -type bands is now clearly observed. These results suggest that these non-a 1 -type bands come from new species formed by a photochemical process of the adsorbed 4-ABT. This experimental evidence seems to be in agreement with Tian's group [26, 27] Therefore, the proposal of a contribution of the CT mechanism of enhancement as a consequence of the alteration of electronic states of benzenethiol by the introduction of an NH 2 group on the benzene ring [24, 25] cannot only explain, in our opinion, the time dependence observed. by the surface-enhanced absorption that takes place when the probe molecule is adsorbed on a metal thin film (the so-called SEIRA effect [41, 42] ). Higher enhancements and easier preparation conditions for the silver thin films when compared to platinum, has prompted us to choose the former metal to carry out the SEIRAS experiments to obtain the potential-dependent infrared spectra of adsorbed 4-ABT.
Results
SERS study
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These experiments were performed under attenuated total reflection conditions (Kretschmann's configuration [41] ) with a silver thin film chemically deposited onto a germanium substrate [33] . The obtained SEIRA spectra, which are reported in observed with a similar potential-dependent behaviour in the SEIRA spectra collected for the silver thin film electrode in the 4-ABT-free sodium perchlorate solution, can be related to the presence of co-adsorbed perchlorate anions whose surface coverage would increase as the electrode potential increase. In the same way, the increasing intensity of the band at 1625 cm -1 in Figure 6 could be related to the coadsorption of interfacial water molecules associated to the perchlorate anions. In any case, it is clear from the spectra reported in Figure 6 that none of the bands appearing in the SERS spectrum collected at potentials equal or higher than -0.50 V for 4-ABT adsorbed on silver (spectrum A in Figure 2 ) appears in the SEIRA spectra collected for the silver electrode in the presence of 4-ABT in a similar potential range. 
Conclusions
We have studied the adsorption of 4-ABT on Ag and Pt substrates by 
